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dependent on the average atomic number of the tissue with an equally
strong inverse dependence on the photon energy.

At higher photon energies (0.1-10 MeV), Compton scattering is the
most probable process that takes place in irradiated tissue. It occurs when
the photon energy greatly exceeds the electron binding energy, so that an
orbital electron appears to the photon as a free electron. The photon
scatters off the electron, giving up part of its energy to the electron, which
proceeds to ionize and excite tissue molecules. The scattered photon with
reduced energy continues to interact with other electrons and repeats the
above process many times until the photon either escapes the absorbing
material or its energy is sufficiently degraded for the photoelectric process
to occur. Within the energy range of 0.1-10 MeV, the Compton process
has a modest dependence on energy and is almost independent of atomic
number.

Above a threshold energy of 1.02 MeV, the pair-production process is
possible. Here a photon converts its energy in the presence of an atomic
nucleus to a positron-electron pair, which, in turn, proceeds to interact with
tissue atoms and molecules, leading to eventual biological effects. When
the positron slows down it is almost always annihilated with an electron,
producing two 0.511 MeV photons. The probability of pair-production in
tissue increases slowly with photon energy but does not outweigh that of
the Compton process until the photon energy reaches 20 MeV The process
depends upon the average atomic number of the tissue.

Photon Spectral Distributions

As seen from the description presented above, the absorption and
scattering of photons depend critically on photon energy. The initial photon
energy depends on the source of the radiation. Gamma rays resulting from
radioactive decay consist of monoenergetic photons with energies that do
not exceed several MeV in energy. Because of scattering and absorption
within the radioactive source itself and in the encapsulating material, the
photons that are emitted do have a spectrum of energies but it is fairly
narrow.

Relatively broad energy distributions are the rule for x-ray photons
produced from electrical devices. X rays are effectively produced by the
rapid deceleration of charged particles (usually electrons) by a material of
high atomic number. This results in a continuous distribution of energies
with a maximum at an energy about one third that of the most energetic
electron. As photons interact with matter, their spectral distribution is
further altered in a complex manner as the photons transfer energy to the
absorbing medium by the processes described above.